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(57) ABSTRACT

A method estimates a weight of a motor vehicle including
front and rear wheel assemblies, using a smart communica-
tion device, after loading of the vehicle. The method
includes 1dentitying the vehicle in the smart communication
device, using a camera of the smart communication device
to capture and process a photograph of at least one wheel
with at least one point of the vehicle brought to sink down
jointly upon the loading of the vehicle with a suspension of
the wheel of the vehicle, determining a clearance of the
wheel assembly opposite the photographed wheel, calculat-
ing a load value on the wheel assembly of the photographed
wheel and a load value on the opposite wheel assembly as
a function of the respective clearances of these wheel
assemblies, to determine a total load value, and using the
smart communication device to inform a user of a load state
of the vehicle.

10 Claims, 4 Drawing Sheets

Measurement of inclination
it 1 Caleulation of front wheel
assembly clearance

Calculation of total
load value

e

* information
l {o user

R
b e o e e s e ol




US 10,060,782 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2011/0257876 Al* 10/2011 Yokota .................. B60W 40/13
701/124
2011/0267200 Al  11/2011 Reynolds et al.
2014/0309845 Al1* 10/2014 Wittmann ............... GO1L 17/00
701/31.5
2015/0073744 Al1* 3/2015 Herrera ............... B60W 40/076
702/141
2016/0214620 A1* 7/2016 Yang ..................... B60W 40/13

OTHER PUBLICATIONS

International Search Report dated Feb. 9, 2015 for PCT/FR2014/
053008 filed on Nov. 24, 2014.
French Search Report dated Jun. 12, 2014 for FR 1362176 filed on

Dec. 5, 2013.

* cited by examiner



U.S. Patent Aug. 28, 2018 Sheet 1 of 4 US 10,060,782 B2

F A 22
......... 10
18 , .
Accelerometer -
' - 44
T R e N— " Central Ar— 40
« NVM inclinometer -1 1 galculation
uhit
_+ Graphicfaudic Camera ' 14
2K ) incicator _
N Hig. 1
S 20
' Start of
, PP Measurement of inclination
i 1 Calculation of front whesl
I——— assembly clearance

‘ = Identification

| of vehicle
y Calculation of total
o load value

Rear wheel image ; T—
4 processing | t y |
Calculation of rear wheel " t informabon E

il e "l el e M e il Sl e

“ to user ,, .
Lm 1 Fig. 2

P o T o B

| D

*er
Eo T L o IR O B

? g T
¢ S d
33 TEUN
,,,,,,, SN _
Fig. 3



U.S. Patent Aug. 28, 2018

Sheet 2 of 4 US 10,060,782 B2

image Gaussian | ;2
capture blurring
1.0 ii. 1
Sohel i
filter “
Separation Separation
of wheel | - of whee] ii.4
5 - housing
Direction
1.6 Jo PR Center /radius |
SPace frpix of wheel 1Re
(a, b) housing
hat 1.7 pix 5 Mpix
filter
VWheel | Roer M) s Distance
center conversion .8
R R =
¥ A (X =2 m
(A‘ L;}é’x » {e iy ) L
Rear wheel y
assembly 1.9
clearance

Fig. 4



U.S. Patent Aug. 28, 2018 Sheet 3 of 4 US 10,060,782 B2




U.S. Patent Aug. 28, 2018 Sheet 4 of 4 US 10,060,782 B2

=

i

oL E T, :_-.I ' l"‘él O B N ] k '.":'." B 1-1._l- LR L 'h LN R A A lk LILERL AR L} T"" ro - LA :' - EE l‘:_: PRI ;‘ L -4 -i?‘ o kw1 :15\. L 't LA LA maL 1 ke -._:.-i -mr m ol f’ II- - N u':_l
: 3 Tl . : ; $ : . x a . ~ - . L ‘ .
by :-' I “ F * . * r - ! '_ i 1 . v . h
" X : - : g ¥ - 1 "a ' «* - b o P ?
4 K i, " . . & ) . 1 - . . . ¥ ﬂ.-tl'-"i;.._..-. .
k] . j= Ny 1 - v i b . [ ] i . ' 1-\.:-"".3 'y .
it A TR o -n} « - - - L T S — o mL W ot e - L T L N L LN I --il.'r'-. ~n LR LE R R W a— om om_- - e E it o -, m W= P L T Y o g I A - wm o~ R, W oMo, = = =
C * + - - - x - . : - . RN . 3
‘m > v . “» s - -+ H 3 “a 1 e - . ".'ll.‘ [ o~ r"“* o o b
. : b : p + A N * h 0 "R w + L R, . r ¥
s - ! " " S . > 2 : b Se LA A X K A
:hu._-l.. - H -I."m H - . B u ' L . 1‘5 *“J"l" o ' . < 1
Myl - "-"-u-u-n..::---_-_.l':r_q:. R e I I R L R R T T e e R I B BT T S R T P T . o B S h-q‘:h—ﬁ--‘_.ﬂ\-.-q-ukﬁ L L B L T L I S Y
¥ 1 - - " " X 3 1 1 n o . Y
, E . ' - “ + i - ’ N X " - =
o . ! v ' : : b - i c AR W - p : .
- . ) . - - . N . M o - - ' -
. - = = a . < [ . H e, .Y - L] " A
- A . . P T Lt .
WAt x : “ . - . .. t . : v = . : ; "
- ~ T -~ e ' . . K W i W ™ n - - . i
. - R, . - . P .r . o R . mr- W o I R v it L v, o T SN Tt o mr e ol e o .
LRI TGRS W) B R R T T R XA I L R IR I A N R *q". T e R T e L R I R I IIEIE RE T
wpemr i 5 : ; . r k WU T TR : - '
ﬁ M » - 5 ¥a * . b M " - T ' r . ' .
h- . R - o : - - - """..‘I -":l'l.""" - -"':4‘ ' . El - P
L x r ) N . . - 1 -1 ' E'S 1‘: W . . - L] 1 r
- ) ' - ' b - E = - - K, L] L - Y
m' : T o : - : . . o TR . * ‘ . . . ’
- - "-‘r""n"i Hi‘wﬁy” am o T3t T T e TEY W v £ Fedw it ow Tia woalc 'r;-‘\-'tl.-'\-l- P A m"‘t::,;i‘?".'\- N R, "-:*'*-#-\1.""' Ll R T N rI'."""I-iri."l..'i"\-'ﬁ~-ll-l-""'1-'-.""i-‘|"|-";'!.1
’ 4 i h r . . i - = ‘__1?‘“ .Ii:':‘i ! L * . . . 1 .+ N
N . ! : , : . , o AT ; : " 4 . N )
- .- - . - - B = 1
o * . - . - r b Wy l-f""'i L * ' n -. - -
ﬁ‘} LY r . * = . ¥ a '?5-"'.\_ b [] » . - 1 . "
w . - _ - .- - ; . : o X ..- - o - oL -

v ! ME M * s r iy " - . ' . u
w Tmr T FeT hr: D LI BERE B AP N :-"."rll:-'l LI LN N B B PR R S I R r-n—"\n-rut;_ﬁ-::'l R M r'r 2. Wrareat 'l'."l'l--'-rql'l stia-Te T s "y T T rat e ra om S merm T Eaim T AT
il 4 x : . - . < N, S ¥ - i . ' .

o, n . . SR, xS . . - . - .
m - d . L] - - * '.-H?r l':‘- e a ¥ . " L] . £ - by
.1;‘*_ : < ~ . - i .~ * tq:- 1‘.'_1-"' v " 1 - ; . - " - -
‘.:.i X Ve * - “ . N 5 * ! - ' - : .
. * ¥ b - "o ' * - ot o "a . . ] “n - N * b
' . .
'Fhﬂ‘ FraLTE moapg .‘-I*"-h. = R R I R R I L ..,;.:?.q.‘\- W 4 tatet momrm moastmtuga s mtih gl mcma a Al Lmom.mofita omms o dnpliboas ot omml mala mr.oeplmao—smw momtmumo o
ety 4 o . Tu . + _i:':-" :.;_-‘_"q > . N . N + "y - o F r
; » F; . H . ' I S 1 a . 1 * . . ; - 1
' v ¢ : : i o a ' 3 = i . : . - - : :
' ; : % - : Dt et ; i ot . » . . * - "
' . - L .
Ten e BURLEE L L e et O LR UMD T T - N N
n - . * = & o L : L - ' - i - . " T .
' L] L -
- ¥ . - Al Pl = * - i L . b - 4 -+ 2 L LY
" L . * v - ..?-q.“'* x " X . L) - ' - - "
,: '} ' + -.th."|_ L] 1.#"‘ i B 'S n r . 1 " _ . & :.
Y L} L} = . L}
1: k '«': iﬁ L K3 - ,i._."l-.F L -.-L"'L'" - - a 1 : _:'_e " ™ r - &
N _-‘-q"'r‘_ ". LI R 1‘.1':':1_'... ."hi: R TRyt R Ry P I T R LI AL L LR KR SN T T I S R T I R
: . - ottt .‘ > - - : 2 . " . . - N * .
. ""h""ﬂq .--'. - .-h,'v&'n?l"_"'-‘ . . 2 u - 'R r . . a ' “r N
- Ry T, - N r = 5 " N X L] “m v . ¥ K
- L ‘ - : ,. 3 LS l_‘\. 1 : 'l- H . b ] ' -
. P . . by an - - . "- e -, . N v . - .- -3 - WL 1o o .-
oy - ] oy F] i 5 -

7
£
%
", 4
L
A
<
A
9
3
o
3
(50
(4]
o
ey
£
A
.P'..Fhll
A
iy
s
"W eild
e
O
Ly

1g. 7A

. TR I A R L N I T P Kt T L B T R L R B O T PR A rr% Fr HmhTE H . AT R N . -y L Ra or . maT s M TR gRor v M ow Wald T . R RET BT L 2T T Faor W R R om wmah T oo ow R uTf Tk kTR W OEF BT oa Wy oL’ LSRN LR et omaTh AT R wte W

g ST R ALY F LY LT AT AR R R TR LT g L97 F3=1' & _H* 5 8| &N 4" = 1 "N ERT W . FYTIE ¥ R T > BT W T . I 51 W i1 = L - L m * LT R 1" % %1 ' R WY e ™ ET TR ELT - F =g

LI, ™

o, . e

T Sue .3

R T 5 i

F- e T

- * .‘hlﬁ. h?hﬂ;;h

] A b 4

r

L]

s '
[}

T

3
N
1

E%'
¥
3

e
#
~

P
{

£
T

. .’*-'a'l"'?'fl-"?f# EL T L LU L

[ 3 )

Tyt o e ll"'l-“i"'l-"l-'i"'r"il"'.l"'hlc T
¥
;f
3

!

4

K-
-i{

Fig. 8

Ir



US 10,060,732 B2

1

METHOD FOR ESTIMATING THE MASS OF
A VEHICLE

FIELD

The present invention relates 1n a general way to a method
for estimating the total weight of a motor vehicle. More
specifically, the mnvention relates to a method for estimating
the total weight of a vehicle after loading.

DESCRIPTION OF THE RELATED ART

A knowledge of the total weight of a motor vehicle 1s
necessary for the correct operation of numerous on-board
systems 1n the vehicle, such as shock absorber systems,
underintlation detection systems, engine control systems
(for electric, combustion or hybrid engines), hill starting
systems, overload detection systems, lighting systems, brak-
ing and/or energy recovery systems, and the like.

SUMMARY

The patent application filed under the reference FR-12-
57425 discloses a method for estimating the total weight of
a vehicle using a smart communication device, in which the
optical axis of the camera must coincide with the axis of the
center of the wheel. This method requires the user to stoop
in order to align the optical axis and the axis of the center of
the wheel and therefore makes the operation awkward.

One object of the present ivention 1s to respond to the
alforementioned drawback of the prior art document, by
proposing a method for estimating the weight of a motor
vehicle after loading which will enable the user to detect
overloading of his vehicle 1n a simple way without the need
for any particular manipulation of the smart communication
device. The mvention will also have to propose a method
requiring the least computation time.

For this purpose, a first aspect of the invention relates to
a method for estimating the weight of a motor vehicle
comprising a front wheel assembly and a rear wheel assem-
bly, using a smart communication device, after the loading
of the vehicle, the method comprising the steps of: (1)
identifying the vehicle 1n the smart communication device;
(11) using a camera of the smart communication device to
capture and process a photograph of at least one wheel with
at least one point of the vehicle brought to sink down jointly
upon the loading of the vehicle with the suspension of the
wheel of the vehicle, after loading, 1n order to determine the
clearance of the wheel assembly of the photographed wheel
as a function of the identified vehicle, the taking of a
photograph of a wheel 1s subordinate to maintaining the
telephone 1n a plane at right angles to the plane of the
photographed wheel except 1n the vertical position of the
telephone; (111) determining the clearance of the wheel
assembly opposite the wheel photographed 1n step (11), either
by measuring the angle of inclination of the vehicle after
loading, using at least one accelerometer or inclinometer of
the smart communication device, or by capturing and pro-
cessing a photograph of at least one wheel with at least one
point of the vehicle brought to sink down jointly upon the
loading of the vehicle with the suspension of a wheel of the
wheel assembly opposite the wheel assembly of the wheel
photographed 1n step (i1), using the camera of the smart
communication device; (1v) using a calculation unit of the
smart communication device to calculate the load value on
the wheel assembly of the photographed wheel and the load
value on the opposite wheel assembly as a function of the
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2

respective clearances of these wheel assemblies, so as to
determine the total load value of the vehicle; (v) using the
smart communication device to inform the user of the load
state of the vehicle.

This method for estimating the load of the vehicle can be
very rapidly and easily executed by a user in possession of
a smart communication device such as an intelligent mobile
phone or computerized phone, also known as a “‘smart-
phone” 1n the English terminology, equipped with a suitable
application. This solution makes 1t possible for the user
casily to determine the weight of the vehicle, and 1s reliable
because 1t does not depend on any element 1n the vehicle.
Thus 1t allows any user to check the load state of his vehicle
after loading, and to prevent any risk of overload which may,
notably, lead to excess consumption, degraded roadholding,
or iniringement of the safety regulations for the type of
vehicle concerned (notably in terms of the gross vehicle
weight rating or GVWR).

Advantageously, the processing of the photograph can
comprise at feast one step of calculation of an invariant.

Advantageously, the calculation of the invariant can be a
crossratio performed on at least one point of the wheel and
at least one point of the vehicle brought to sink down jointly
upon the loading of the vehicle with the suspension of the
wheel of the vehicle.

According to a vanant, step (I) of identifying the vehicle
comprises the steps of: (1.1) determining, before loading, the
distance between the wheel center and the center of the
wheel housing of the wheel to be photographed 1n step (11);
(1.2) determining the angle of inclination of the vehicle
betfore loading; (1.3) determining the total permissible load
ol the i1dentified vehicle.

According to an advantageous variant, step (11) of cap-
turing and processing the image comprises the following
substeps of: (11.0) taking a photograph of a wheel of the
vehicle:

(11.1) converting the captured photograph of the wheel to a
grayscale image;

(11.2) using a first filter of the fuzzy Gaussian type to improve
the sharpness of the image;

(11.3) using a second filter of the Sobel type to obtain the
contours of the image;

(11.4) breaking down the 1mage 1nto two parts, namely a first
part relating to the wheel and a second part relating to the
wheel housing;

(11.5) calculating the center and the radius of the wheel
housing by the least squares method;

(11.6) calculating the values of the mimmum and maximum
radi1 of the wheel as a function of the radius of the wheel
housing and of the identified vehicle;

(11.7) using a third filter of the Mexican hat wavelet type to
improve the concentration of points near the center of the
wheel:

(11.8) calculating the center of the wheel on the basis of the
accumulation of points in the wheel center, and calculating
the distance after loading between the wheel center and the
center of the wheel housing, calculating the crossratio of
said at least point of the wheel and of at least one point of
the vehicle brought to sink down jointly upon the loading of
the vehicle with the suspension of the wheel of the vehicle;
11.9) calculating the clearance of the wheel assembly of the
photographed wheel, using the difference in distance
between the wheel center and the center of the wheel
housing after and before loading.

According to another variant of the invention, step (111) of
determining the clearance of the opposite wheel assembly
can be based on a measurement of the difference in the angle
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of inclination belfore and after loading, the angle of inclina-
tion being chosen as the angle between a terrestrial reference
frame and a vehicle reference frame along the X axis of the
vehicle.

Step (111) of measuring the angle of inclination, any
detection of an acceleration beyond a certain predetermined
threshold can be considered to indicate that the smart
communication device has been dropped, and step (111) must
be repeated.

Step (1v) of calculating the load value on the front and rear
wheel assemblies can be executed by interpolation 1 a
load/clearance map.

Another aspect of the invention relates to a smart com-
munication device configured for the execution of the
method according to any one of the preceding claims,
characterized 1n that the smart communication device com-
prises

a programmed application (14) suitable for activating a
method for estimating the weight of a vehicle,

a human-machine interface (16) suitable for starting the
application for estimating the weight of a vehicle,

means for identifying the vehicle,

a camera (20) suitable for taking a photograph of at least
one wheel with at least one point of the vehicle brought
to sink down jointly upon the loading of the vehicle
with the suspension of the wheel of the vehicle,

at least one accelerometer (22) and/or inclinometer (24)
suitable for measuring an angle of inclination between
the terrestrial reference frame and the vehicle reference
frame,

a calculation unmit (12) programmed to execute steps of
image processing and calculation of clearance values
and load values including at least one step of calculat-
ing at least one invariant, and

at least one graphic and/or audio interface (26) suitable
for alerting the user to the load state of his vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present mvention
will be more evident from a reading of the following detailed
description of an embodiment of the invention, provided by
way of non-limiting example and 1llustrated in the appended
drawings, in which:

FIG. 1 1s a schematic representation of a smart commu-
nication device according to an embodiment of the inven-
tion;

FIG. 2 shows a diagram of the method for estimating the
weight of a vehicle according to an embodiment of the
invention;

FIG. 3 1s a schematic representation of the clearance of
the front and rear wheel assemblies after the loading of the
vehicle;

FIG. 4 shows a detailed diagram of the step of image
processing according to an embodiment of the invention;

FIG. 5 1s a schematic representation of the acquisition by
the smart communication device of an image according to an
embodiment of the invention;

FIGS. 6 A-6B represent an image of the wheel as 1 two
different situations;

FIG. 7A shows an example of the load/clearance relation-
ship for a wheel suspension for a predetermined vehicle
model;

FIG. 7B shows the experimental results of the determi-
nation of the total load of a vehicle;
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FIG. 8 shows an example of the definition of the axes for
a smart communication device.

DETAILED DESCRIPTION

FIG. 1 1s a schematic representation of a smart commu-
nication device according to an embodiment of the inven-
tion. The smart communication device 10 comprises a
programmable central unit 12. An application 14 for esti-
mating the weight of a vehicle 1s programmed into this
central unmit 12. A human-machine interface 16 1s used to
start the application 14 for estimating the weight of a
vehicle. Means for identifying the vehicle are provided, for
example, 1 the form of the selection, via the human-
machine interface 16, of a vehicle model from a list of
models recorded previously 1n a non-volatile memory 18. A
camera 20 1s also provided, for taking a photograph of at
least one wheel of the vehicle, together with at least one
accelerometer 22 and/or an inclinometer 24 for measuring
the angle of inclination of the smart communication device,
the central unit 12 being programmed to execute steps of
image processing and calculation of clearance values and
load values. At least one graphic and/or audio interface 26
1s also provided, to alert the user to the load state of his
vehicle. This graphic and/or audio interface 26 may be
partially or completely connected to the human-machine
interface 16. For information, the axes x, y and z as generally
defined for a commumnication device of this kind are shown
in FIG. 8.

FIG. 2 shows a diagram of the method for estimating the
weight ol a vehicle according to an embodiment of the
invention. A preliminary step 1s that of starting the applica-
tion for estimating the load of a vehicle.

When the application has been started, the user must
identify his vehicle 1n a first step (1) so that the weight of the
vehicle can be estimated. For this purpose, he may, for
example, be mvited via the human-machine interface to
select his vehicle model from a previously recorded list. The
previously recorded vehicle model must include at least the
information relating to the distance between the wheel
center and the center of the wheel housing of the wheel to
be photographed (step 1.1), together with the total permis-
sible load for this model of vehicle (step 1.3). Alternatively,
the distance between the wheel center and the center of the
wheel housing of the wheel to be photographed (step 1.1)
may be determined manually by taking a photograph of a
wheel of the vehicle before loading, the subsequent process-
ing of which will be similar to that explained 1n detail 1n
FIG. 4 1n respect of steps (11.1) to (11.8). Additionally, the
identification of the vehicle may include the determination
of an angle of inclination of the vehicle before 1ts loading
(step 1.2). This measurement of inclination will preferably be
made along the X axis of the vehicle, that 1s to say along the
longitudinal axis of the wvehicle, between the terrestrial
reference frame (based on gravity) and the vehicle reference
frame (based on the vehicle). To this end, the smart com-
munication device will preferably be positioned 1n a location
in the vehicle provided for this purpose, for example 1n the
form of a docking station having a known orientation.

In a second step (11), the user 1s mvited to take a photo-
graph of at least one wheel of his vehicle after loading.
Preferably, the user 1s invited to take a photograph of a wheel
located at the load space end. Thus, for most vehicles, the
load space 1s located at the rear of the vehicle, and the user
will therefore be invited to take a photograph of a rear wheel
of his vehicle. This photograph 1s then processed by an
image processing method described in detail with reference
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to FIG. 4. On the basis of the image processing that 1s
executed, the application determines the clearance of the
wheel assembly of the photographed wheel, which, as a

general rule, will be the clearance of the rear wheel assem-
bly.

In a third step (111), the user preferably positions the smart
communication device 1 his docking station to make at least
one measurement of the inclination of the vehicle along the
X axis between the terrestrial reference frame and the
vehicle reference frame aifter the loading of the vehicle. For
this purpose, provision 1s made to position the communica-
tion device correctly in its location, to ensure that the
measured inclination 1s indeed the inclination along the X
axis ol the vehicle. If a similar measurement has been made
before loading, during the identification of the vehicle, 1t
will be possible to calculate the precise diflerence 1n 1ncli-
nation before and after loading, so as to compensate for any
gradient in the ground on which the vehicle 1s parked while
being loaded. On the basis of the inclination measured after
loading, and advantageously both before and after loading,
the application determines the clearance of the wheel assem-
bly opposite that of the photographed wheel, for example the
front wheel assembly.

In a fourth step (1v), the application calculates the load
value on the front and rear wheel assemblies of the vehicle,
from which 1t deduces the total load value of the vehicle by
adding the two loads together. This total load value can then
be displayed by the communication device.

In a fifth step (v), the application operates the graphic
and/or audio interface of the communication device to alert
the user to the load state of his vehicle. Thus, for example,
the communication device displays a red alert 1f the weight
1s more than 0.95*maxweight, where “maxweight” 1s a
calibration constant corresponding to the maximum permit-
ted load. The device displays a yellow alert 1f the weight 1s
in the range from 0.8*maxweight to 0.95*maxweight. The
device displays a green alert 1f the weight 1s below 0.8*max-
weight. The levels 0.8 and 0.95 are two thresholds which are
also calibration parameters. Clearly, they may be modified to
meet requirements. The number of alert levels may be
variable and may depend on the type of application. It 1s also
possible to display the probability of overload, or the load
and the confidence level at 95% or 99%, for example.

FIG. 3 1s a schematic representation of the clearance of
the front wheel assembly A ,;-and rear wheel assembly A, »
alter the loading of the vehicle. In the example shown 1n the
figure, the vehicle 1s parked on horizontal ground. The
vehicle 1s represented schematically by two points repre-
senting the front wheel center CR ;- and rear wheel center
CR ,»» of the vehicle, and by the front wheel housing center
CP ,, and the rear wheel housing center CP , .., of the vehicle,
these points being used to determine the clearances of the
wheel assemblies of the vehicle. However, 1t will be evident
that points on the vehicle other than the centers of the wheel
housings can be considered, where these other points are
subject to being pushed inward together with the wheel
suspension when the vehicle 1s loaded. The distance between
the front wheel center CR ,, and rear wheel center CR ., of
the vehicle 1s the wheelbase L of the vehicle.

Additionally, the term *“clearance’ will generally be taken
to mean the distance corresponding to the vertical oscillation
of an axle with respect to the chassis, due to the flexibility
of the suspension during loading. In the remainder of this
example, the clearance will signily the vertical oscillation of
the center of the wheel housing with respect to the corre-
sponding wheel center.

10

15

20

25

30

35

40

45

50

55

60

65

6

Belore loading, the identification makes 1t possible, nota-
bly, to determine the distance at the rear betfore loading
d . “" between the wheel center CR ., and the wheel
housing center CP .5, particularly in the case where the
load space 1s located at the rear of the vehicle, and, 1f
required, the angle of inclination along the X axis of the
vehicle between the terrestrial reference frame and the
vehicle reference frame, 11 this angle 1s not zero. This
measurement may be automatically made and recorded by
the smart communication device 1 the latter detects a
non-zero inclination during the 1nitial identification step.

During step (111), which 1s detailed below with reference
to FIG. 4, the communication device determines the distance
at the rear after loading d ", between the wheel center
CR , »» and the center of the wheel housing CP ., which has
been pushed inwards.

During step (1v), the communication device calculates the
clearance of the wheel assembly opposite the photographed
wheel, that 1s to say the front wheel assembly in the present
example. To this end, the communication device 1s prefer-
ably placed 1n the docking station provided for this purpose
in the vehicle. When the communication device 1s in the
predetermined position, 1t can make a measurement of the
inclination of the vehicle either automatically or manually
(that 1s to say, by the user’s action). Thus, for example,
during three seconds the communication device averages the
three components measured by 1ts accelerometer. The values
ox1Ph, gyiPh and gziPh are obtained. If the communication
device falls down during the three seconds of measurement,
at least one of the acceleration components exceeds 1.5 g,
and 1t 1s then considered that the device has moved and the
measurement will have to be repeated. The same procedure
can be followed if one of the angular velocities exceeds the
threshold of 0.1 rad/s 1n absolute value. Advantageously, the
communication device displays a progress bar during the
measurement. During this measurement, it must also check
that the communication device 1s being held 1n the correct
direction, which may be indicated by a negative value of the
parameters gyiPh and gziPh.

When the calculation has finished, the communication
device estimates the angle of inclination after loading o,
along the X axis of the vehicle between the terrestrial
reference frame and the vehicle reference frame, by calcu-

lating, for example:

O =0.5( coslgyiPhl)+a sin(gziPhl))

The communication device then deduces the distance at the
tfront d ", after loading between the wheel center CR ;-

and the wheel housing center CP ,,- which has been pushed
inwards, using the following formula:

dapc Zdapc +L.tan(t:1ﬂpc)

It the gradient of the ground 1s to be taken into account, the
following general formula may be used:

d_.=d, " -Ltan(Aq)

where Ao=a,, ~Q ., O, being the inclination before load-
ing, defined during the identification of the vehicle. L 1s the
wheelbase of the vehicle, also defined during the identifi-
cation of the vehicle.

FIG. 4 shows a detailed diagram of step (11) of 1mage
capture and processing according to a preferred embodiment
of the mvention.

As mentioned above, the user 1s invited by the application
to take a photograph (step 11.0) of at least one wheel of his
vehicle, for example a rear wheel. The photograph 1s taken

in conditions such as shown in FIG. 5, that 1s to say when
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the measurements ol the accelerometers contained 1n it
indicate an x component close to zero, a z component of less
than zero and a y component of less than zero (the telephone
1s not upside down). Components X, v and z of the smart
communication device are shown n FIGS. 5 and 8.
An 1lluminated and/or audible and/or vibration signal may
inform the user that these conditions are present, so that he
can 1nitiate the photograph capture. In a vanant, automatic
capture of the photograph may be provided when the con-
ditions are met.
Two cases then arise:
the case 1n which the component z 1s almost zero (not
represented, condition i which the communication
device 1s 1n a vertical position), then the image acquired
1s that represented 1n FIG. 6 A, this configuration makes
it possible to have a direct measurement of the dis-
tances between the different points after processing of
the 1mage, that forces the user to align the optical axis
of the camera with that of the center of the wheel,

the case 1n which the component z>0 (FIG. 5), then the
image acquired 1s that represented in FIG. 6B, this
configuration introduces a distortion of the acquired
image and consequently does not make it possible to
have a direct measurement, this situation 1s a situation
that 1s more ergonomic for the user because the pho-
tograph can be taken standing.

As represented 1n FIG. 5, the acquisition of an 1image
comprising at least one point A of the vehicle brought to sink
down jointly upon the loading of the vehicle with the
suspension of the wheel of the vehicle and several points of
the wheel B, C, D, E, F (the points E and F not being
represented 1 FIG. § for reasons of clarity) 1s done on a
plane y', which 1s the focal plane of the camera 20. The plan
y' 1s not parallel to the vertical plane on which the points are
aligned which 1induces the etlfect of distortion of the image,
as represented 1n FIG. 6B. The points acquired in this way,
on the plane y', are mstantiated B', C', D', E', F' 1n FIG. 6B.

The communication device then commences the process-
ing of the photograph of the rear wheel taken by the user,
enabling the clearance of the corresponding suspension to be
calculated. When the photograph has been taken, 11 the
communication device does not allow the grayscale photo-
graph to be taken directly, the photograph 1s converted to
grayscale (step 11.1, only 1f necessary). This conversion may
be carried out, for example, with the following weights
applied at each RGB level of the signal:

oray_1mage=0.3*photo_red+0.59*photo_green+
0.11*photo_blue;

where photo_red i1s the red luminous intensity, pho-
to_green 1s the green luminous intensity, and photo_blue 1s
the blue luminous intensity. When the image has been
converted to grayscale, the processing starts with blurring of
the 1mage with a Gaussian filter (step 11.2). This processing
enables artificial image gradients, defects, and the like to be
reduced.

“Sobel” filtering 1s then applied (step 11.3) to calculate the
derivative of the image 1n the direction of the width and of
the height, and then in both directions combined. This
processing enables the contours present in the 1image to be
obtained.

The image 1s then broken down 1nto two parts, namely the
wheel housing and the wheel (step 11.4).

For the separated wheel housing, the circle containing the
points forming the contour 1s calculated by the least squares
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method (step 11.5). Thus the center (XCPEIP dR,chHP Y and
the radius R ,.““* of the wheel housing in pixels are found.
Point A' 1s thus deducted.

For the separated wheel, the first stage 1s the calculation
of the direction map, which 1s a matrix containing the
directions normal to the intensity gradient calculated during
the Sobel filtering. The points 1n the direction indicated by
this vector, the distance of which varies from r min to
r_max, are then cumulated 1n the image. These values r_min
and r_max are calculated (step 11.6) using the value of the
radius RPI-IP R of the wheel housing estimated in the pre-
ceding step 1n pixels and the theoretical ratio R ;, -, (known)
between the rim radius and the radius of the wheel housing.
Points B', D' are thus deducted.

The processing 1s continued by filtering the resulting
image with a Mexican hat filter or a Mexican hat wavelet
filter (step 11.7), stmilar to a cardinal sine. This makes 1t

possible to 1mprove the concentration of points near the

center ol the wheel.
The center of the wheel (chixR!YCpfo) 1s then calculated

(step 11.8) on the basis of the accumulation of points in the
wheel center. Point C' 1s thus deducted.

In the context of the present invention, other forms of
image processing may be used to define both the wheel
center and the wheel housing center.

At this stage, i1t 1s possible to know the value of the
clearance C'A' with the distortion except that this value 1s
not the real value of the clearance. For this, the crossratio,
theory of mnvariants in Fuclidean geometry, 1s applied.

An mvariant of a given transformation is a property which
remains unchanged 1f the transformation concerned 1s
applied one or more times. For example, in the context of
Euclidean geometry, the distance 1s an invariant relative to
a transformation of rotation or translation type. Similarly,
the angle 1s also an invariant in Euclidean geometry relative
to translations and rotations.

In the context of the algebra of transformations of pro-
jection type, one of the mvariants 1s the crossratio. Take 4
aligned points P,, P,, P, and P, the crossratio 1s defined as:

P.P;-P, P,

B(Py, Py, P3, Py) =
P Bs P = oo

The crossratio that has just been defined above will now
be used. By expressing its value 1n the projected image and
in the plane of the wheel, the following 1s obtained:

f D!B! _ C!A!
pD, ", B, A") =
4 DA C'B
DB-CA
B, C, B, A) =
k DA-CB

Furthermore, the crossratio 1s known to be an invariant of
the transformations of projection type hence:

P, C B A)=pD,C.B,4)

Therefore,

D'B-C’A” DB-CA
D'A’-CB DA-CB
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The crossratio P(D', C', B', A") 1s calculated and will be
called P. It is also known that DB=2R, that CB=R and that

DA=2R+CA. Which gives the following equation:

2R-CA

P= __
(R+CA)-R

Which finally makes it possible to find the distance

between the center of the wheel and the high point of the
wheel passage on the plane of the wheel:

__ PK

CA— ——
2P

The calculation of the crossratio 1s particularly advanta-
geous because 1t does not require any excessively significant
calculation time, contrary to other image processing meth-
ods comprising distortion.

To complete the processing, the distance 1 pixels
between the wheel center and the wheel housing center 1s
calculated, after which 1t 1s converted 1nto meters, using the
ratio between the radius of the wheel housing 1n pixels and
in meters (the theoretical radius).

The experimental results are shown 1n FIG. 7B. The result
of the calculations 1s the distance d . between the wheel
center and the wheel housing center after loading. This
distance decreases with an increase in the loading of the
vehicle.

Therefore, an iitial step of calibration in the factory
makes 1t possible to plot a map showing this distance d """
as a function of a known weight of the vehicle, and subse-
quently to determine this weight by estimating d,, _“""

More advanced versions of the application can be 1mag-
ined, 1n which the user 1s requested to photograph both rear
wheels 1n order to calculate a distance d_, " which 1s the
average ol the two wheels.

However, in order to allow for ageing, and notably the
phenomena of creep in the linkage between the chassis and
the suspensions, the application subsequently deduces (step
11.9) the clearance of the rear wheel assembly by performing

the following operation

— oy '
Adﬂ?’?"_dﬂﬁe’f _dﬂ_g?t?

where d__ “"" represents the front distance before loading (in
the empty state). This value will be deduced during the stage
of vehicle identification: for example, either by asking the
user to photograph the vehicle in the empty state, or by
accessing a database and interrogating 1t with the vehicle
identifier.

The user may also be requested to photograph the vehicle
regularly in the empty state (once or twice a year, for
example), in order to allow for varnations in this empty
distance, due essentially to the ageing of the various mem-
bers of the suspension.

FIG. 7A shows an example of the load/clearance relation-
ship of a wheel suspension for a predetermined vehicle
model. The rear clearance value found on completion of
processing step (11) can be used during the step to calculate,
by interpolation 1n a map (such as that shown 1n FIG. 7A, for

example), the value of the loading on the rear wheel assem-
bly.

10

15

20

25

30

35

40

45

50

55

60

65

10

This figure exhibits hysteresis: when the vehicle 1s pro-
gressively loaded, the clearance follows the curve a,,
whereas the relationship follows the curve a, when the
vehicle 1s unloaded.

To limit the uncertainties, the median curve, shown as a
broken line, 1s used.

According to another embodiment of the invention, the
user 1s requested to photograph the four wheels of the
vehicle, enabling the precision of the weight estimation to be
increased, notably by improving the evaluation of the load-
ing conditions.

The photographing of each of the wheels and the image
processing as defined, or any other image processing that
results in the determination of the wheel centers and wheel
housing centers, then enables the clearance of each wheel to
be determined for each wheel assembly. During the identi-
fication of the vehicle, 11 1t 1s specified that the clearance of
cach wheel 1s to be determined, making it necessary to
photograph each of the wheels, 1t 1s no longer necessary to
determine the angles of longitudinal and transverse inclina-
tion of the vehicle, since the unloaded clearance of each
wheel 15 then solely dependent on the known characteristics
of the vehicle, and on the gradient of the road, which can
therefore be easily determined, by interpolation of the
known clearances on flat ground, for example.

A simplified variant 1s that of measuring only one of the
wheels 1n each wheel assembly for the determination of the
clearance of the wheel assemblies.

Clearly, various modifications and/or 1mprovements
which will be evident to those skilled 1n the art may be made
to the different embodiments of the invention described in
the present description, without departing from the scope of
the invention defined by the attached claims.

Notably, the identification of the vehicle may be used on
the use of the VIN (for “Vehicle Identification Number™),

which 1s the unmique alphanumeric code assigned to each
vehicle. I the VIN 1s used, the parameters required for the
various calculations can be obtained from a central server.

This VIN could be obtained by a request sent by the smart
communication device to the vehicle, for example via the

OBD (On Board Diagnostic) diagnostic interface, and the
response could then be transmitted 1n 1ts turn to a database,
which would return the parameters required for the various
calculations.

Additionally, 1 order to improve the precision of the
device, during the vehicle 1dentification step (step (111)), 1n
which the user i1s requested to position the smart commu-
nication device 1n his docking station to make at least one
measurement ol the inclination of the vehicle along the X
axis between the terrestrial reference frame and the vehicle
reference frame before the loading of the vehicle, provision
1s also advantageously made to determine the inclination
along the Y axis of the vehicle (the transverse inclination) 1n
order to correct the subsequent determination of the distance
between the wheel housing center and the wheel center for
this 1nclination.

Advantageously, provision is also made, during the deter-
mination of the inclination after loading along the X axis, to
determine the inclination along the Y axis, this determina-
tion being advantageously coupled with the measurement of
a single wheel of each wheel assembly.

Thus the difference in 1nclination 1s measured with even
greater precision.

The inclination of the vehicle along the Y axis may be due
to the banking of the ground, or may occur when the vehicle
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1s parked with one of the wheels, or both wheels on one side,
placed on a sidewalk, while the other two wheels are on the
road.

The invention claimed 1s:

1. A method for estimating a weight of a motor vehicle
including a front wheel assembly and a rear wheel assembly,
using a smart communication device, after loading of the
vehicle, the method comprising:

(1) 1dentifying the vehicle 1in the smart communication

device;

(11) using a camera of the smart communication device to
capture and process a photograph of at least one wheel
with at least one point of the vehicle brought to sink
down jointly upon the loading of the vehicle with a
suspension of the wheel of the vehicle, after loading, in
order to determine a clearance of the wheel assembly of
the photographed wheel as a function of the 1dentified
vehicle, the taking of the photograph of the wheel 1s
subordinate to keeping the smart communication
device 1n a plane at right angles to a plane of the
photographed wheel except 1n a vertical position of the
smart communication device;

(111) measuring an angle of inclination of the vehicle after
loading, using at least one accelerometer or inclinom-
cter of the smart communication device that captured
and processed the photograph, the angle of inclination
being an angle between a longitudinal axis of a terres-
trial reference frame and a longitudinal axis of a vehicle
reference frame, and determining a clearance of the
wheel assembly opposite the wheel photographed in
step (11) based on the angle of inclination of the vehicle;

(1v) using a calculation unit of the smart communication
device to calculate a load value on the wheel assembly
of the photographed wheel and a load value on the
opposite wheel assembly as a function of the respective
clearances of these wheel assemblies, to determine a
total load value of the vehicle; and

(v) using the smart communication device to inform a
user of a load state of the vehicle.

2. The method for estimating the weight of the motor
vehicle as claimed 1n claim 1, wherein the processing of the
photograph includes at least one step of calculating an
invariant.

3. The method for estimating the weight of the motor
vehicle as claimed in claim 2, wherein the calculating the
invariant 1s a crossratio performed on at least one point of
the wheel and at least one point of the vehicle brought to sink
down jointly upon the loading of the vehicle with the
suspension of the wheel of the vehicle.

4. The method for estimating the weight of the motor
vehicle as claimed 1n claim 1, wherein step (1) includes:

(1.1) determining, before loading, a distance between a
wheel center and a center of a wheel housing of the
wheel to be photographed 1n step (11);

(1.2) determining the angle of inclination of the vehicle
betfore loading; and

(1.3) determining a total permissible load of the 1dentified
vehicle.

5. The method for estimating the weight of the motor

vehicle as claimed 1n claim 1, wherein step (11) includes:

(11.0) taking the photograph of the wheel of the vehicle;

(11.1) converting the captured photograph of the wheel to
a grayscale 1image;

(11.2) using a first filter of a fuzzy Gaussian type to
improve a sharpness of the image;
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(11.3) using a second filter of a Sobel type to obtain
contours of the image;

(11.4) breaking down the 1mage into two parts, including
a first part relating to the wheel and a second part
relating to a wheel housing;

(11.5) calculating a center and a radius of the wheel
housing by a least squares method;

(11.6) calculating values of minimum and maximum radii
of the wheel as a function of the radius of the wheel
housing and of the i1dentified vehicle;

(11.7) using a third filter of a Mexican hat wavelet type to
improve a concentration of points near a center of the

wheel:
(11.8) calculating the center of the wheel on the basis of an

accumulation of points in the wheel center, calculating,
a distance after loading between the wheel center and
the center of the wheel housing, calculating a crossratio
of said at least point of the wheel and of at least one
point of the vehicle brought to sink down jointly upon
the loading of the vehicle with the suspension of the
wheel of the vehicle; and

(11.9) calculating the clearance of the wheel assembly of
the photographed wheel, using a difference 1n distance
between the wheel center and the center of the wheel
housing after and before loading.

6. The method for estimating the weight of the motor
vehicle as claimed 1n claim 1, wherein step (111) 1s based on
a measurement of a difference in the angle of inclination
before and after loading.

7. The method for estimating the weight of the motor
vehicle as claimed 1n claim 6, wherein, during the measuring
the angle of inclination in step (111), any detection of an
acceleration beyond a certain predetermined threshold 1is
considered to idicate that the smart communication device
has been dropped and that step (111) must be repeated.

8. The method for estimating the weight of the motor
vehicle as claimed in claim 1, wherein step (1v) 1s executed
by interpolation 1n a load/clearance map.

9. The method for estimating the weight of the motor
vehicle as claimed in claim 1, wherein step (1) includes
identifying the vehicle selected from a list of models pre-
viously recorded in a non-volatile memory, the previously
recorded list of models includes:

at least a distance information between a wheel center and
a center of a wheel housing of the wheel to be photo-
graphed 1n step (11); and

a total permissible load information of the identified
vehicle.

10. A smart commumcation device, comprising:

a programmed application to activate a method for esti-
mating the weight of a vehicle;

a human-machine interface to start the application for
estimating the weight of a vehicle;

a camera to take a photograph of at least one wheel with
at least one point of the vehicle brought to sink down
jointly upon the loading of the vehicle with a suspen-
sion of the wheel of the vehicle;

at least one accelerometer and/or inclinometer to measure
an angle of inclination between a terrestrial reference
frame and a vehicle reference frame;

a processor configured to process the image and calculate
clearance values and load values including calculating
at least one invariant; and

at least one graphic and/or audio interface to alert a user
to a load state of the vehicle.
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